Two new oleanane-type triterpene saponins, adianthifoliosides A (1) and B (2), were isolated from a 95% ethanolic extract of roots of Albizia adianthifolia. Their structures were elucidated mainly by using a combination of 600 MHz 1D and 2D NMR techniques (COSY, NOESY, TOCSY, HSQC, and HMBC) and by FABMS and HRESIMS. Compounds 1 and 2 were characterized as glycosides of acacic acid acylated by an o-hydroxybenzoyl unit. The crude saponin mixture (CSM), compounds 1 and 2 together with 3 and 4 (prosapogenins obtained from the mild alkaline hydrolysate of the CSM), were evaluated for immunomodulatory activity on the Jurkat T cell line and for hemolytic property against sheep erythrocytes. Compound 2 and, to a lesser extent, 1 and 3 were found to exhibit a dose-dependent immunomodulatory effect in the concentration range 10 -2 -10 µM, whereas 4 showed a lymphoproliferative activity in the same concentration range. Among the compounds tested, only 1 and 2 were found to be hemolytic.
Results and Discussion
The 95% ethanolic extract of the roots of A. adianthifolia was purified by precipitation with diethyl ether, yielding a crude saponin mixture, which was then dialyzed for 2 days. The powder obtained was submitted to column chromatography over Sephadex LH-20 and was separated by repeated medium-pressure liquid chromatography (MPLC) over normal Si gel, yielding compounds 1 and 2. Their structures were elucidated mainly by 1D and 2D NMR spectroscopy (COSY, TOCSY, NOESY, HSQC, and HMBC) and by FABMS and HRESIMS.
Compound 1 was obtained as an amorphous powder. The HRESI mass spectrum (positive-ion mode) exhibited a quasimolecular ion peak at m/z 1714.7490 [M + Na] + (calcd 1714.7465), consistent with a molecular formula of C 79 H 121 -NO 38 . Upon acid hydrolysis with 2 N TFA at 120°C, 1 afforded the aglycon 6, which was identified as acacic acid lactone (the 21,28-lactone derivative of acacic acid obtained under the experimental conditions used), by comparison of its NMR data with literature values. 6 The native aglycon was characterized as acacic acid from the 2D NMR spectra from 1. The sugars obtained from the saponin hydrolysate were identified as glucose, fucose, rhamnose, arabinose, and xylose by comparison with authentic samples. However, the presence of an N-acetamido group [IR 1639 and 1570 cm -1 ; 1 H NMR δ H 2.13 (3H, s, MeCO) and δ H 8.91 (1H, d, J ) 8.8 Hz, NH); 13 C NMR δ C 22.9 and 171.9], together with the 1 H and 13 C NMR data of the C-2 of the Glc 1 (δ H 4.40 and δ C 56.8), suggested the presence of one 2-(acetylamino)-2-deoxyglucose (Glc 1 NAc) unit. In addition, alkaline hydrolysis of 1 afforded salicylic acid (SA, ohydroxybenzoic acid, 7), identified by comparison of its 1 H and 13 C NMR data with those reported, 7 and a prosapogenin whose spectroscopic NMR data were in good agreement with those of 4. 5 The above data suggested that 1 is a 21acyl-3,28-bisdesmoside. This was confirmed by the observation of glycosylation-and acylation-induced shifts in the 13 C NMR spectrum at δ C 88.7 (downfield shift of C-3), δ C 76.5 (downfield shift of C-21), and δ C 174.4 (upfield shift of C-28).
The 1 H NMR spectrum of 1 displayed signals for seven anomeric protons at δ H 6.06 (br s), 5.83 (d, J ) 7.5 Hz), 5.77 (br s), 5.10 (d, J ) 7.5 Hz), 4.91 (d, J ) 7.5 Hz), 4.90 (d, J ) 7.8 Hz), and 4.79 (d, J ) 8.0 Hz), which correlated with the carbon signals at δ C 109.8, 94.9, 101.2, 104.7, 103.8, 105.6, and 102.5, respectively, in the HSQC spectrum. Starting from the anomeric proton of each sugar unit, all the protons within each spin system were delineated using COSY with the aid of TOCSY and NOESY spectra. After assignments of the protons, the 13 C NMR resonances of each sugar unit were identified by HSQC and further confirmed by HMBC. The COSY and TOCSY spectra indicated the presence of seven monosaccharide units, and one of them was an R-rhamnopyranosyl (Rha) from its typical pattern in the COSY-LR spectrum. 8, 9 After interpretation of the 1 H and 13 C NMR signals, the other sugars were identified as two -glucopyranosyl (Glc) units, one -fucopyranosyl (Fuc) unit, one -xylopyranosyl (Xyl) unit, one 2-(acetylamino)-2-deoxy--glucopyranosyl (GlcNAc) unit, and one arabinofuranosyl unit, respectively. The R-configuration of this latter sugar was clarified by observation of NOESY correlations between H-1, H-3, and H-5. The absolute configurations of these sugar residues were determined to be D-glucose, D-xylose, D-fucose, L-rhamnose, L-arabinose, and 2-(acetylamino)-2-deoxy--D-glucopyranose by GC analysis of chiral derivatives of sugars in the acid hydrolysate (see Experimental Section). 10 The 1 H and 13 C NMR signals of 1 assigned from the 2D NMR experiments were almost superimposable with those of 4, previously characterized as acacic acid 3-O--Dxylopyranosyl-(1f2)--D-fucopyranosyl-(1f6)-2-(acetylamino)-2-deoxy--D-glucopyranoside, except for the presence of the additional salicylic acid unit 7 and an oligosaccharidic chain at C-28.
The assignments of the 1 H and 13 C NMR signals of 1 from the TOCSY, HSQC, and HMBC spectra showed that the four remaining sugars were a terminal Glc (Glc′ 2 ), a disubstituted Glc (Glc-1,2)(Glc′ 1 ), a terminal Araf, and a trisubstituted Rha (Rha-1,3,4). A correlation in the HSQC spectrum at δ C /δ H 94.9/5.83 (d, J ) 7.5 Hz) showed that the Glc′ 1 residue is linked to the carboxylic group of the aglycon by an ester linkage. This conclusion was supported by the upfield shift of C-28 at δ C 174.4, in comparison with the free carboxylic acid observed in 4 at δ C 180.0 ppm. The long-range correlations observed in the HMBC spectrum between the 1 H NMR signals at δ H (Rha-1) 5.77 and the 13 C NMR signals at δ C (Glc′ 1 -2) 76.9, between δ H (Glc′ 2 -1) 5.10 and δ C (Rha-3) 81.2, and between δ H (Araf-1) 6.06 and δ C (Rha-4) 77.6 showed that the tetrasaccharide residue O-a-L-arabinofuranosyl-(1f4)-[ -D-glucopyranosyl-(1f3)]a-L-rhamnopyranosyl-(1f2)--D-glucopyranosyl was linked to the acacic acid unit at C-28.
The comparison of the 13 C NMR chemical shifts of 4 and 1 permitted the position of the linkage of the salicylic acid on the aglycon to be located. In 1, when compared to 4, the signals for C-20, C-21, and C-22 were displayed upfield by -2.1 ppm, downfield by + 2.6 ppm, and upfield by -6.5 ppm, respectively, as a consequence of the acylation at C-21.
From these data, compound 1 was assigned as 16R- 11, [17] [18] [19] [20] [21] [22] [23] [24] [25] and was given the trivial name adianthifolioside A.
Compound 2 was obtained as an amorphous powder. HRESIMS (positive-ion mode) exhibited a quasimolecular ion peak at m/z 1835.7700 [M + Na] + (calcd 1835.7727), consistent with a molecular formula of C 83 H 128 O 43 . Upon acid hydrolysis with 2 N TFA at 120°C, 2 afforded the aglycon 6, again identified as acacic acid lactone by comparison of its 1 H and 13 C NMR data with those reported. 6 The sugars obtained from the saponin hydrolysate were identified as glucose, fucose, rhamnose, arabinose, and xylose, by comparison with authentic samples on TLC. Alkaline hydrolysis of 2 afforded salicylic acid (7) , identified by comparison of its 1 H and 13 C NMR data with those reported, 7 and a prosapogenin (5) , whose NMR data were almost similar to those of the prosapogenin previously isolated from the alkaline hydrolysate of the Albizia cortex saponin mixture. 12 The above data suggested that 2 should be a 21-acyl-3,28-O-bisdesmoside. This was confirmed by the observation of glycosylation-and acylation-induced shifts in the 13 10 Almost all NMR signals of 2 (Tables 1 and 2 As a new compound, 11,17-25 2 was given the trivial name adianthifolioside B. It is interesting to note that 1 and 2 contain a salicilyl substituent, not reported before among plant triterpene glycosides.
Since triterpene saponins from plants have been reported to exert immunostimulatory activities, 11, 13 the CSM and compounds 1-4 were tested in an in vitro lymphocyte proliferation assay. 14 The cellular proliferation was measured by 3 H-thymidine incorporation in Jurkat tumor cell lines (human T cell leukemia). Compound 2 showed a concentration-dependent immunomodulatory effect (Figure  1) . At a concentration of 10 -2 µM, compound 2 exerted a weak but significant lymphoproliferative activity with a stimulation index (SI) of 1.21, and at 1 µM it showed an inhibition of this effect. Furthermore, 1 and the CSM displayed a cytotoxic effect to lymphocytes in culture (from 1 µM for 1). Compound 3 showed a weak cytotoxic effect from 5 µM, whereas 4 exhibited a lymphoproliferative effect in the concentration range 1-10 µM and no cytotoxic effect at all tested concentrations.
In addition, the hemolytic activities of the CSM and compounds 1-4 were evaluated on sheep erythrocytes according to a procedure adapted from the litterature. 15 Strong hemolytic activity is considered to be a typical characteristic of saponins, although some saponins show only weak or no hemolytic effect at all. This activity is often related to the amphiphilic character of the saponin and is influenced by the affinity of the aglycon to cholesterol in cell membranes, allowing the formation of pores. In this test, since the CSM was shown to exhibit a good hemolytic activity (HC 50 ) 12 µg/mL), we have tested the pure compounds. Among them, 1 exhibited the highest hemolytic activity (HD 50 ) 17.5 µg/mL), followed by 2, which was less active than 1 (HD 50 ) 48 µg/mL), whereas 3 and 4 were not hemolytic at the concentration tested (HD 50 > 400 µg/ mL). These data suggested the importance of the Nacetamido group in 1 for the hemolytic activity compared with 2. The results of this above test correlated well with those of the cytotoxicity observed for 1 and 2 against Jurkat cells in the concentration range 1-10 µM. Moreover, concerning 3, which is not hemolytic up to 400 µg/mL (282 µM) but cytotoxic from 10 µM, it could be thought that another mechanism than the membrane effect is at the origin of the cytotoxicity. Since avicins (closely related to 3) were shown to induce inhibition of the Jurkat cell proliferation by induction of apoptosis, 16 we are currently investigating this possible mechanism involved in the cytotoxic effect of 3 against Jurkat T cells.
Proliferation Assay. The effect of 1-4 on the cell proliferation in Jurkat cells was evaluated according to a method previously described in the literature. 14 Hemolysis Assay. The hemolytic activity of CSM and 1-4 was evaluated on sheep erythrocytes according to a procedure adapted from the literature. 15 
